Objective: To investigate the relationship between variability in surgical ward round (WR) quality and clinical outcomes. Background: Evidence increasingly suggests that ward-based care plays a key role in surgical outcomes. The WR is the focal point of surgical inpatient care. Assimilating various sources of clinical information is necessary for thorough patient assessment during the WR; whether this relates to outcomes has not previously been examined. Methods: WRs were observed for patients on a surgical high-dependency unit in a tertiary academic surgical unit. All sources of clinical information (SCI) were considered. Thoroughness of assessment, defined as the percentage of SCI assessed by the clinician, was recorded as a marker of WR quality. Complications were recorded from patient records; preventability was based on Agency for Healthcare and Research Quality guidelines. The relationship between WR quality and incidence of preventable complications was analyzed. Results: Sixty-nine WRs were observed over 37 days for 50 patients receiving care in the high-dependency unit. Observed morbidity rate was 60% (30/50). Seventy-four percent of all complications (35/46) occurred on the high-dependency unit. There was significant variability in WR quality: clinicians assessed 9% to 91% (mean = 55% ± 17%) of SCI (analysis of variance P = 0.025). Low-quality (% SCI assessed less than the mean) WRs resulted in a greater incidence of patients experiencing preventable complications [83% (10/12) vs 39% (7/18)] (P = 0.034), odds ratio = 6.43 (95% confidence interval = 1.05-39.3). Forty-one percent of complications (19/46) could have been diagnosed earlier or possibly prevented. Conclusions: Patient assessment during WRs is variable. Less thorough WRs result in delayed diagnoses and preventable complications, and they negatively affect outcomes. Focusing on WR quality and training may improve patient care.
S urgical culture and training have changed dramatically in recent decades. In stark contrast to the Halstedian approach of "see one, do one, teach one," modern surgery now espouses a culture of safety, quality improvement, and outcomes measurement. 1 Measures such as national surgical databases and broadly implemented interventions such as the World Health Organization surgical safety checklist 2 have contributed to quality control, error reduction, and standardization in operative patient care. These advances to improve care in the operating room, unfortunately, have not been matched by changes to care outside of it. 1 Studies of adverse events suggest that more than half of all events take place on the ward rather than in the operating room. [3] [4] [5] [6] Accordingly, evidence increasingly now suggests that short-term surgical outcomes are determined more by the quality of postoperative care than by the success of the operation itself. 7 The concept of "failure to rescue," or the failure of a patient to recover from morbidity, 8 has been demonstrated by studies that have reported similar riskadjusted complication rates across different centers but varying outcomes and mortality rates. 9, 10 Although certain structural factors, including nurse staffing levels 11 or hospital resources and teaching hospital status, 12 have been identified, these have explained only a small proportion of observed variability. This would seem to imply that medical errors and variability in the processes of giving inpatient, perioperative care are at the root of poor outcomes. The underlying mechanisms that determine the successful or unsuccessful rescue of patients, however, are unclear, preventing targeted intervention to reduce failure-to-rescue rates.
A key care process in determining ward-based care, and instrumental in the assessment and management of the patient on a routine basis, is the ward round (WR). Leading a WR, accompanied by clinicians, nurses, and allied health care professionals, requires not only clinical knowledge but also skill in communication, decision making, leadership, and management. 13 During the WR, the clinician's task is to synthesize a multitude of information sources, ranging from verbal accounts to charts and physical examinations to assess what progress or setbacks in care the patient may have experienced since the last clinical evaluation. Failure to account for any of these information sources potentially constitutes an error of omission, risking oversight of valuable clinical information that may affect patient care and result in adverse events.
It is important to note the difference between medical error and adverse events or complications. Medical error is defined as a process of care that may be an act of commission or omission. An error can result from a planned action that fails to be completed as intended, or the use of an inappropriate plan implemented to achieve a given aim. 14 An adverse event is an injury or complication caused by medical management rather than by the primary disease process itself. 15 Not all errors obligately lead to complications, and not all adverse events are caused by medical error. However, in reducing clinically significant errors that place patients at risk and lead to actual harm, it is clearly important to identify cases where both are linked and address underlying causes.
Recent high-profile calls to focus on WR care, such as the 2012 joint statement by the Royal College of Physicians and the Royal College of Nurses in the United Kingdom, 16, 17 have served to highlight the lack of standardization in WR care, resulting in a high potential for variability and error. No data currently exist as to the true variation in conduct of WRs or the potential influence of WR quality on patient outcomes; such headlines draw attention to the fact that an evidence-based approach is required to apply science to what has too long been merely an art.
The aim of this study was to observe variability of surgical WRs to identify sources of error in care and investigate the possible relationship between variability in WR quality and clinical outcomes.
METHODS Setting
This study was conducted in an academic tertiary referral center in London, England, and approved by an ethics review board (reference 12/LO/0617). Consecutive daily WRs for general surgical patients being cared for on a surgical high-dependency unit (HDU) were observed, allowing for observer availability. The HDU is similar to a surgical intensive care unit, consisting of a 4-bed unit with a 1:2 nurse to patient ratio. It provides care for patients requiring close monitoring, basic inotropic and respiratory (continuous positive airway pressure) support, or invasive monitoring but does not include provision for renal replacement therapy or active ventilation. Patient WRs on the HDU are conducted by the same clinical team as on the ward, under a named member attending of the general surgical team, which in our department consists of 4 colorectal (benign and neoplastic resections) and 5 upper gastrointestinal (including bariatric, benign, and neoplastic esophagogastric resections) surgeons.
Patients
Patients admitted to the HDU either directly from the emergency department or immediately postoperatively (either planned or unplanned) were included. As a result, the study selected for a patient cohort that was acutely unwell or had undergone major, high-risk surgery, with an anticipated high risk of complications. Existing ward inpatients who were moved to the HDU after complications or other clinical deterioration were excluded because part of the purpose of the study was to capture developing morbidity and these patients would have, by definition, already developed complications.
WR Quality Assessment Tools
WRs were rated on their thoroughness of patient assessment and nontechnical interaction as markers of WR quality, based upon a previously validated approach. 18 Routine WRs generally consist of a lead clinician (surgical attending or resident), who may be accompanied by other residents or interns, and nursing staff or other health care professionals such as pharmacists. The task of determining patient assessment and management is led by the lead clinician, who may undertake these him-or herself or delegate to other members of the team. To rate the quality of the clinician's assessment of the patient, all available sources of clinical information (SCI) were considered and grouped into 12 categories. The Clinician's actions were directly observed to determine whether clinical information items were considered or not, with a quality score awarded on the basis of the percentage of available SCI taken into account. Whether or not the WR included examination of the prescription chart, physical examination, or checking of drain bag contents was readily observable, and completion recorded regardless of whether or not a verbal or written comment to this effect was given. If tasks were delegated to other team members by the lead clinician, this was considered as having been completed. Nontechnical skills performance was assessed using the W-NOTECHS score, 19, 20 a validated 18 scale that assesses team, communication, and leadership skills performance across 5 behavioral domains, with exemplar behaviors modified for the WR setting. Each domain is rated on a Likert scale of 1 to 5, resulting in a final score of 5 to 25.
Patient Outcome
Patient demographics and clinical information were retrieved through case note review of patient records on discharge; any complications or adverse events were recorded. These were recorded on an intention-to-treat basis and were graded in terms of severity based on clinician consensus and previously published methodology. 15, 21 Diagnoses were cross-checked with available documentation to ensure their appropriateness, in accordance with established guidelines where appropriate (ie, presence of radiographic infiltrates combined with 2 of pyrexia, leukocytosis or leukopenia, and purulent secretions for the diagnosis of pneumonia). Designating the preventability of complications was based on Agency for Healthcare and Research Quality Patient Safety Indicator definitions and included postoperative pneumonia, urinary tract infections (UTIs), wound infections, acute renal failure, and central venous catheter-related sepsis. 22 For postoperative morbidity, WR data were analyzed to determine whether the adverse event in question had been preceded by a related medical error or oversight: had the affected organ system been appropriately attended to, or was there other evidence to suggest earlier deterioration that could have led to an earlier diagnosis or alternative management?
Statistical Analysis
Statistical analysis of data was performed using IBM SPSS Statistics 20 (IBM, Armonk, NY). Interclinician variability of WR quality was analyzed with analysis of variance (ANOVA). To analyze the effect of WR quality on outcomes, patients were divided into 2 groups on the basis of performance scores (percentage of available clinical information), with scores either above or below the mean value. For these groups, incidence of all complications, adverse events, and preventable complications was compared using χ 2 tests and odds ratio (OR) analysis.
RESULTS

Patient Demographics
A total of 50 patients admitted to the general surgical HDU were followed during the period of June to October 2012, totaling 55 hours of clinical observation during the course of 37 days.
Planned HDU admissions after major elective surgery constituted 54% of patients, with the remainder representing acute admissions, after emergency surgery, or unstable surgical patients requiring level 2 care who did not undergo an operative procedure (Table 1 ).
WR Quality
A total of 69 patient WRs were observed, constituting 72% of all HDU WRs for the patients in question. These were led by 15 different clinicians of varying grade, including consultants (attendings, 30%), specialty registrars (senior resident, 64%), or senior house officers (junior resident, 6%). WR quality, as measured by the percentage of SCI assessed during the WR, varied significantly between clinicians (range, 9%-91%; mean ± SD = 55% ± 17%; ANOVA P = 0.025). W-NOTECHS scores varied significantly (range, 16-25; mean ± SD = 19.7 ± 0.35; ANOVA P < 0.001). The assessment of individual SCI varied, with verbal assessment of the patient and checking of vital signs the most frequently completed tasks (96%) and examination of the respiratory system least frequent (14%) ( Table 2 ).
Complications and Errors
Observed morbidity rate was 60% (30/50), with 74% of all complications (35/46) occurring on the HDU; the other 26% of complications occurred after step down to standard ward care. For 41% of all complications (19/46), analysis-determined development of morbidity was preceded by suboptimal patient assessment, which was likely to have resulted in delayed diagnosis and treatment, or failure to prevent the complication. The most common example was the development of postoperative pneumonia in patients in whom the respiratory system was not previously attended to during the WR. Others included the development or late diagnosis of a wound infection where early signs had been documented by allied health care professionals but the medical notes were not reviewed during the WR, or delayed catheter removal and subsequent UTI ( Table 3) . Patient review revealed 20 further risk events, which were without clinical sequelae and related mostly to prescribing errors (Table 3 ).
Outcome Analysis
Patients were divided into groups attended to by low-quality WRs (% SCI assessed less than the mean) versus high-quality WRs (Fig. 1) . The patients assessed by low-quality WRs demonstrated a greater incidence of complications that were either preventable (based on the Agency for Healthcare and Research Quality definition) 
DISCUSSION
This study documents the variability of care and the incidence of error and adverse events in postoperative surgical care. It represents the first time, to our knowledge, that postoperative care and surgical WRs have been subject to empirical examination in this manner. Existing literature is sparse and has considered limited aspects of the WR such as the use of medical records 23, 24 or communication, 25 but not the WR process as a whole. Although other important aspects, such as clinician handoff and information transfer, 26 must factor into the quality of postoperative care, it is during the WR that patients are dependent on their clinician's ability to assess, appropriately diagnose, and effectively manage any problems or complications that may develop. However, the results of this study illustrate the variable levels of care that currently exist even in a tertiary academic center and the lack of standardization in approach to patient assessment across clinicians of all experience levels.
This study demonstrates the potential for such variability, and the resulting errors or omissions, to adversely affect patient care and outcomes. Many medical errors are common and in the majority of cases do not lead to patient harm. 4 However, the events examined here, although they cannot demonstrate causality (likely impossible, given the multifactorial nature of postoperative complications), strongly suggest links between oversights in patient assessment and the potential for subsequent deteriorations in patient care. The failure to remove unnecessary urinary catheters is a well-established risk factor for UTIs, 27 for example, and likely contributed to development of this complication in 10% of patients. For almost 1 in 3 patients in whom the catheter removal was delayed, contrary to local policies for catheter removal or any clear clinical indication, developed a UTI. Furthermore, only 14% of premorbid WRs attended to the patient's respiratory system, although pneumonia was the most common complication (30%). Diagnosis of pneumonia was for the most part made once the patient developed systemic symptoms of sepsis. Auscultation and examination of the patient's chest may have led to an earlier diagnosis or identification of early treatable warning signs such as atelectasis or impeded sputum clearance. Published evidence is clear on the importance of early identification and amelioration of complications to improve outcomes 28, 29 ; however, without thorough patient assessment in the context of a high-quality WR, this is not possible. Other examples of error included the failure to review the medical notes, in which any events of the last 24 hours would have been documented. Although a handover from attending nursing staff was requested in almost all cases (96%), overlooking the written record led to delays in diagnosis or treatment on several occasions, when concerns had been raised or advice given by consulting specialty clinical teams.
Statistical analysis conclusively demonstrated the greatly increased incidence of complications that were either preventable or could have been managed differently in patients who were subject of poorer quality WRs. It is also notable that the most common preventable errors and complications were related to the least commonly assessed aspects of the patient (respiratory system, prescription charts, and medical notes), illustrating the importance of thorough patient assessment. Although modern hospital care includes a number of other health care professionals involved in the prevention and management of many of the observed complications, ultimate responsibility lies with the primary clinician. Provision of chest physiotherapy may be useful in patients with respiratory problems, for example, but can take place only if prescribed. Communication and team working skills are also needed to ensure appropriate understanding within the team and agreement of tasks with nursing staff for such orders as catheter removal or dressing changes.
This study has several weaknesses to consider. This was an observational study of a single unit within a single center, representing a potential source of sample bias. However, we note that the site in question is a tertiary academic and accredited trauma center, recently ranked fourth of 123 hospital trusts across England in terms of hospital mortality ratio. 30 As such, it is unlikely that the results of this study represent poor performance on the part of the unit in question; rather, it is possible that other centers would exhibit higher error rates still. Although not all hospitals provide care in a surgical HDU, the HDU environment was chosen for its care complexity and therefore greater potential for error. HDU patients are looked after by the same clinical team as on the ward, and although patients potentially benefit from greater nursing ratios, we believe that the increased complexity of unwell HDU patients overwhelms this as a potential confounder. This is reflected in the fact that 74% of all complications experienced by the observed patient cohort took place on the HDU. In the event that higher levels of nursing care were to present a significant confounder, this would indicate greater levels of error still on the ward and would place even more importance on the generalizability of our findings. Certainly, without higher levels of nursing care and monitoring, other studies have reported higher complication rates and lengths of stay as a result. 31 Observation of the WR provides only a "snapshot" of care, by a single observer, without observing any other care interactions throughout the day, although the WR is undoubtedly the key interaction between the doctor and the patient, other assessments did take place. However, the outcome of most, if not all, of these were captured via subsequent review of medical records and were factored into a number of identified errors. Assessments were performed by a single observer with substantial experience in skills assessment, validated in multiple previous experiments that included analysis of interobserver reliability. Finally, as demonstrating causal links is not possible, given the multifactorial nature of postoperative morbidity, this study instead suggests circumstantial links between events and complications. The high complication rate must be considered in the context of the fact that only HDU patients were included, which by definition were critically unwell and had undergone major or emergency surgery. In addition, a number of patients had undergone gastric or esophageal resections, which are associated with a known high risk of postoperative complications; in this context, the reported rate of complications is within previously described ranges. [32] [33] [34] Ensuring quality WRs and thorough patient assessment requires adequate training, assessment, and subsequent quality control. One obstacle has in the past been a lack of appropriate training tools. Patients with complex care needs such as those on an HDU are clinically inappropriate and ethically dubious subjects for training, and other priorities mandated for surgical trainees such as attendance in the operating room mean that training time on the ward is often limited from the outset. One solution that has effectively addressed similar issues in technical skills training is the adoption of simulation-based training, which has the benefit of providing a high-fidelity dedicated educational environment without danger to patients or trainees. 35 Ward simulation has been preliminarily explored, although current published uses with clinicians are few 36, 37 ; as this develops further, it may present a viable alternative to in situ training. 38 Although the large number of clinicians observed resulted in a low number of WRs per clinician in this study and prevented meaningful analysis of clinician-specific analysis, the effect of clinician experience on WR quality has been previously explored. 18 When presented with an unwell patient, more senior clinicians have been shown to be significantly more thorough and detailed in their examination of the patient, assessing and integrating greater amounts of clinical information, and committing less errors in their diagnosis and management of patient problems. 18 To shorten the learning curve, particularly for junior clinicians, the development of evidence-based curricula and assessments have been successfully pursued and implemented in training for technical skills; it is now time to do the same for postoperative care.
CONCLUSIONS
In their current form, WRs are traditionally learned by experience and emulation, resulting in a lack of standardization in patient assessment. This study is the first to assess the resulting variability of quality of surgical WRs and demonstrate the consequences borne by patients, with poor-quality WRs placing patients at an up to 6fold risk of developing preventable complications. It demonstrates the pervasiveness of human error that has been demonstrated in other areas of medicine. 39 Although errors are unavoidable, it is important to act to minimize their effects. 40 To improve care, common errors and omissions identified in this study must be addressed by future research to develop targeted interventions and training methods to improve care.
